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Summary Box:
What is already known on this subject? -With growing numbers of older people worldwide, improving and maintaining quality of life during the extended years of life are a major focus for healthcare providers and policymakers.
-Although some studies have suggested frailty may be associated with worse quality of life, their findings were mixed and inconsistent.
-The objectives of this study were to systematically review the literature for the associations between frailty and quality of life among community-dwelling older people and to conduct meta-analyses to combine available evidence to synthesize pooled estimates.
What this study adds?
-This systematic review and meta-analysis has demonstrated the first evidence of a consistent inverse association between frailty, pre-frailty and quality of life among community-dwelling older people.
-Interventions targeted at reducing frailty may have the additional benefit of improving corresponding quality of life.
INTRODUCTION
There are growing numbers of older people worldwide, as life expectancy has markedly increased over the past century, largely due to public health improvements. [1] The numbers of older people are projected to keep increasing, as is the proportion in the population. [1] In the UK, the proportion of people aged 65 and over is expected to increase from 17% in 2010 to 23% in 2035 with similar increases in other EU member states. [2] Increased longevity does not mean a happy old age. Quality of life among older people tends to decline as they age, partially due to having poorer health than younger people. [3] As people age, they are at increased risk of developing more chronic medical conditions and physical disabilities, which may impair their quality of life. Although it is important to prevent or treat these medical conditions, the absence of these conditions is not necessarily the only determinant of quality of life. Besides chronic diseases and physical impairment, psychological and social problems, such as depressive symptoms, isolation, and loneliness, are also common among older people, especially the oldest old and lower socio-ecomonic groups. [3] [4] [5] [6] All of these may potentially have detrimental and negative impacts on quality of life and should also be addressed for successful aging. Low quality of life among older people has been shown to be associated with various negative health outcomes, including falls, nursing home placement, and mortality. [7] [8] [9] In these circumstances, improving and maintaining quality of life during the extended years of life and facilitating successful aging have been a major focus for healthcare providers and policymakers. [10, 11] Quality of life is a broad ranging concept, affected in a complex way by a person's physical health, psychological state, personal beliefs, social relationships, and their relationship to salient features of their environment. [12] It is defined by the World Health Organization (WHO) as 'an individual's perception of their position in life in the context of the culture and 6 value systems in which they live and in relation to their goals, expectations, standards, and concerns'. [12] In this context, older people's quality of life can be increased and maintained at a high level, even with poor physical health, as long as they are satisfied with other dimensions of quality of life, such as mental health, social and environmental relationships, and socioeconomic status. [13] A possible link has recently been reported between quality of life and frailty. [14] Frailty is a clinical syndrome of decreased physiological reserve, due to an age-related accumulation of multidimensional deficits. [15, 16] Prevalence of frailty has been reported to vary substantially ranging from 4.0 to 59.1% and the overall weighted prevalence was 10.7% according to a systematic review paper. [17] Frailty can exhibit various signs and symptoms including weight loss, fatigue, weakness, impaired walking performance, low levels of physical activity, a depressed mood, and cognitive impairment. [15, 16, 18] Furthermore, frail older people are highly susceptible to adverse health outcomes, such as falls, disabilities, institutionalization, hospitalization, and death. [15, 16, 18, 19] All of these factors may negatively affect quality of life. Compared with these well-studied outcomes, associations between frailty and quality of life have only recently started to be investigated and evidence is still scarce. Although a number of (mainly cross-sectional) studies have shown that frailty is associated with a lower quality of life among community-dwelling older people, there has been no systematic review study published in the literature. Therefore, how consistent the associations are across the studies or how much degree of differences in quality of life exists according to frailty are still largely unknown.
The objectives of this study were to systematically review the literature for cross-sectional and prospective studies on associations between frailty and quality of life among community-dwelling older people, and to conduct meta-analysis and combine available evidence to synthesize pooled estimates. 
METHODS

This
Study Selection
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Cross-sectional or prospective cohort studies examining the associations between frailty and quality of life among community-dwelling older people aged 60 and older, or with a mean age of 70 and older, were eligible. Frailty should be defined by validated criteria or modified versions. Studies were excluded if they were review articles, randomized controlled trials, dissertations, or conference abstracts, or used only components or subdomains of frailty criteria (e.g. gait speed) instead of multidimensional frailty. If the same cohort was used by multiple articles with the same study design (cross-sectional or prospective), the one with the largest number of subjects was included.
Data Extraction
The data collected from each of the included articles were the study type (cross-sectional study or prospective cohort study), first author, the name of the study or cohort if any, publication year, location, sample size, proportion of female subjects, age (mean and range), frailty criteria, quality of life tool, and the relevant findings.
Methodological Quality Assessment
The cross-sectional studies considered as eligible for meta-analysis were further assessed for methodological quality using six criteria from guidelines developed by Loney et al. for critically appraising studies of prevalence or incidence of a health problem. [21] The methodology of each study was considered to be adequate to be included in the meta-analysis if the study met three or more criteria out of the six.
Statistical Analysis
Meta-analysis was attempted for the studies which used the same frailty criteria and quality of life instrument and presented mean quality of life scores according to frailty categories.
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Heterogeneity across the studies was examined using chi-square test. The degree of the heterogeneity was assessed using I 2 statistic. I 2 values of 25%, 50%, and 75% were considered as low, moderate, and high heterogeneity, respectively. [22] Pooled mean quality of life differences between frail and robust subjects and between pre-frail and robust subjects were calculated using random-effects models when heterogeneity was high and fixed-effects models when heterogeneity was moderate or low. Publication bias was examined using Begg- Centre, The Cochrane Collaboration) and StatsDirect (Cheshire, UK). All analyses were twosided and p<0.05 was considered as statistically significant.
RESULTS
Selection Processes
The electronic literature search used five databases: Embase, MEDLINE, CINAHL Plus, PsychINFO, and the Cochrane Library. It yielded a total of 5,414 studies. From these, 2,143 duplicate studies and 3,253 studies not considered eligible for this systematic review through the title and abstract review were excluded, and one study was added from the manual search, leaving 19 articles for the full-text review. Of these, six studies were considered ineligible for using the same cohort (n=2), being poster presentations (n=2), a review article (n=1), and a dissertation (n=1). One study examined associations between quality of life and five components of the Fried frailty criteria separately, instead of categorised frailty status (frail, pre-frail, and robust), and was therefore initially considered to be ineligible for this review. [23] However, additional data were provided by the authors on request and this study was included. [23] A total of 13 articles (11 cross-sectional studies [14, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] and two prospective studies [33, 34] ) were included in this systematic review, among which four cross-sectional studies compared quality of life measured by 36-item short-form health survey (SF-36) across three frailty categories: frail, pre-frail, and robust, as defined by the Fried criteria [14, 23, 28, 31] were included for the meta-analysis. A PRISMA flowchart of the study selection is presented in Figure 1 .
Study Characteristics and Findings
Characteristics and findings of the included 11 cross-sectional [14, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] and two prospective studies [33, 34] were summarized in Table 1 . Three articles were from Taiwan, [27, 28, 31] two each from Canada, [29, 30] United Kingdom, [25, 33] Italy, [23, 32] and Netherlands, [26, 34] and one each from Germany [24] and United States. [14] Sample sizes ranged from 83 [29] to 5703 [30] . The English Longitudinal Study of Ageing cohort was analyzed by two studies one cross-sectionally [25] and one prospectively. [33] Gobbens et al.
likewise published two papers (cross-sectional and longitudinal) from the same cohort in the Netherlands. [26, 34] The proportion of female subjects ranged from 33.2% to 78.3%. Mean age was in the 70's in most studies, though up to the early 80's in some. Frailty was defined variously, including the Fried criteria, [14, 23, 28, 29, 31, 33] Frailty Index (FI), [25, 29, 30] the Tilburg Frailty Indicator, [26, 34] 
Meta-Analysis
Four cross-sectional studies [14, 23, 28, 31] using the Fried criteria and SF-36 were included in the meta-analysis. These studies were assessed for methodological quality [21] and all of the studies met at least three criteria out of six and were included in the meta-analysis. No other studies used the same combination of frailty assessment and quality of life measure and were suitable for inclusion in a meta-analysis.
Mean scores of physical component summary (PCS) and mental component summary (MCS)
with standard deviations and the number of subjects for each of three frailty categories: frail, pre-frail, and robust, were extracted from these studies [14, 28] or obtained from the authors on request, [23] and used to synthesize pooled mean differences. One study only reported adjusted mean scores. [31] Unadjusted mean scores were obtained from the authors and used for the meta-analyses. Random-effects models were used for all meta-analyses due to high heterogeneity (all p values <0.05, I 2 =68%-94%). Forest plots are shown in Figure 2 A and B.
For PCS, pooled mean differences were -12.74 (95%CI=-15.04 to -10.44, p<0.00001) for frail subjects and -4.18 (95%CI=-7.00 to -1.37, p=0.004) for pre-frail subjects, compared with robust subjects, respectively. Likewise for MCS, pooled mean differences were -10.69
(95%CI=-16.35 to -5.04, p=0.0002) and -3.82 (95%CI=-5.62 to -2.03, p<0.0001) compared with robust subjects, respectively. We could not conduct sensitivity or subgroup analyses due to a small number of the studies included.
Publication Bias Assessment
No evidence of publication bias was noted in three (PCS frailty vs. robust, PCS pre-frailty vs. 
DISCUSSION
This systematic review identified 11 cross-sectional and two prospective studies examining associations between frailty and quality of life in community-dwelling older people. The meta-analysis including four cross-sectional studies demonstrated that both frail and pre-frail 13 older people defined using the Fried Phenotype [14, 23, 28, 31] had significantly worse quality of life compared with robust older people.
All of the 11 cross-sectional studies identified in this systematic review consistently showed an association between frailty and worse quality of life, regardless of the different frailty criteria and quality of life tools used. The most commonly used frailty criteria was the Fried Phenotype, which mainly focuses on physical components associated with frailty:
unintentional weight loss, self-reported exhaustion, weakness, slow walking speed, and low physical activity. [18] Therefore it may seem natural that the physical component quality of life summary of frail subjects would be worse than those classified as robust, based on the WHOQOL-OLD, [39] and the Older People's Quality of Life questionnaire [40] and these were used by some of the included studies. [25, 27, 32, 33] Our results should be interpreted with caution. Although a total of 11 cross-sectional studies were identified through the systematic review of the literature, only four studies could be incorporated in the meta-analysis because of the wide array of tools used to measure quality of life across the studies. Furthermore, sensitivity or subgroup analyses could not be performed due to the small number of the included studies.
One of this study's strengths is that this is, to the best of our knowledge, the first systematic review and meta-analysis study reporting the associations between frailty, pre-frailty and quality of life among community-dwelling older people. Another strength is the extensive and reproducible systematic literature search, using comprehensive search terms in the five electronic databases, plus a manual search of the relevant articles' reference lists. We also contacted authors to identify further potentially eligible studies for the meta-analysis and were eventually able to add one study, [23] with additional data provided by the authors on request. Regarding the four studies included in the meta-analysis, methodological quality was assessed and secured, and possible publication bias was suggested.
Conclusion
This systematic review and meta-analysis has demonstrated the first evidence of a consistent inverse association between frailty, pre-frailty and quality of life among community-dwelling older people. Frailty and pre-frailty defined by the physical phenotype were significantly associated with both worse physical components and mental components of quality of life, compared with those defined as robust. Interventions targeted at reducing frailty may have the additional benefit of improving corresponding quality of life.
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SOF OPQOL -Frailty subjects had significantly lower QOL than non-frail subjects using one-way analysis of variance. 
